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THE SHRINKAGE OF SHELLED CORN WHILE IN 
CARS IN TRANSIT. 


By J. W. T. Duvet, Crop Technologist in Charge of Grain Standardization 
Investigations, and LAUREL DuvaL, formerly in Charge of the Grain Stand- 
ardization Laboratory at Baltimore, Md. 


INTRODUCTION. 


In January, 1910, special investigations were begun at Baltimore, 
Md., to determine the amount of natural shrinkage or loss in weight — 
of shelled corn containing various percentages of moisture during | 
transit in cars and while in storage in elevators.! 

The data on shrinkage contained in these pages comprise the results, 
of four special shipments of corn from Baltimore, Md., to Chicago, 
Iil., and return. The first experiment, made April 15, 1910, was in 
- cooperation with the Baltimore & Ohio Railroad Co. The second, 
third, and fourth experiments were made in cooperation with the 
Pennsylvania Railroad Co. The second shipment was made on 
December 24, 1910; the third, March 2, 1911; and the fourth, May 
11, 1911. The losses in weight shown for the various shipments de 
not include the losses in loading or unloading, but simply the natural 
shrinkage in the weight of the corn while in the cars. 


METHODS USED IN DETERMINING SHRINKAGE IN CORN. 


Lhe freight cars used in these experiments were especially selected, 
uniform in design and condition, and specially coopered to make them 
grain tight. The cars were held together on the track for several 
days prior to loading, so that there would be no variation in their 
weight due to differences in the condition of the wood. An empty 
box car of the same series and condition was moved in the same train 
with the loaded cars, as a check in determining the variation in 
weight due to the absorption or evaporation of moisture by the cars 


1 The results of the first experiment of the series on the shrinkage of shelled corn in 
storage were published as Circular 81, Bureau of Plant Industry, U. S. Department of 
Agriculture. 
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under varying weather conditions. A standard scale test car was 
also attached to each shipment, and all scales were carefully tested 
prior to weighing the cars. Each shipment was accompanied by a 
representative of the United States Department of Agriculture, for 
the purpose of making weighings en route at certain division points 
and of keeping a complete record of the changes in the temperature 
of the corn. The temperature records were taken by means of elec- 
trical resistance thermometers, which were placed in the corn at the 
time of loading, as shown in figure 1. Im all of the shipments, with 
the exception of the first, two cars were loaded from each lot of corn. 
In the second, third, and fourth shipments one car from each lot of 
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Fic. i.—Sectional view through the center of a freight car, showing the position of the 
six electrical resistance thermometers in the stored corn. 


corn was shipped from Baltimore to Chicage and return, while the 
duplicate cars of corn from each lot, together with an empty box car 
of the same type, were held on the track in the yards at Baltimore. 


FIRST EXPERIMENT, APRIL 14 TG MAY 11, 1938. 


CORN LOADED INTO CARS. 


On April 14, 1910, five cars were loaded with shelled corn from 
the Locust Point elevators of the Baltimore & Ohio Railroad Co., 
Baltimore, Md. The amount of corn contained in each car varied 
from 65,920 to 67,160 pounds, with an average of 66,832 pounds, or 
slightly more than 1,193 bushels. The different jots of corn used in 
this experiment were taken from the regular stock in the elevators 
and were selected primarily with the view to having corn with a 
relatively wide range in moisture content. Before loading, each lot 
was thoroughly mixed by handling in the elevator, so that the quality 
and condition of the corn would be uniform throughout the car. At 
the time of loading, each car was equipped with six electrical resist- 
ance thermometers, as shown in figure 1. These thermometers were 


SHRINKAGE OF SHELLED CORN IN CARS IN TRANSIT. s 


placed in the corn in different parts of the car, in order that the tem- 
perature of the corn at those points could be ascertained at any time 
during the experiment without opening the car, the thermometers 
being connected with wire leads which extended to the outside of the 
ear. The average conditien and quality of the corn in each car at 
the beginning of the experiment, as represented by the analyses of 
samples taken when the corn was loaded into the cars, is shown in 
Table I. 


TABLE I.—Condition and quality of the corn when loaded into each car on April 
14, 1910, for the first experiment. 


; F Weight -. | Badly 

Car No. Moroute oud per rely, dirt,) broken 

Ss : 4 bushel. : kernels. 

Per cent. | Per cent.| Pounds. | Per cent. | Per cent. 
sh SE i ie TNE TE OR at ah a debe Oe 49.8 93.2 53.1 1.1 5.0 
BO Oe Re NY EAE RLS vc Pe nN 18.6 95.9 53.6 23 3.1 
Be Lice AS Se Daa Ue I Si Sa ct a eo a 17.38 96.0 54.1 Buf 4,9 
CERNE NE = Mie RNa Gi Oo a EAE cGy Aa ih each a es Rg ae Sura as 17.4 97.4 55.0 Byrd 4.2 
Be ie hg Sb as Sie A a a eC I SEO Oe De NO. 94.1 54.0 13 wey 


As will be seen by Table I, the average moisture content of the 
corn when loaded into car No. 1 was 19.8 per cent. The corn in 
ear No. 2 contained an average of 18.6 per cent of moisture. The 
corn in car No. 3 was a mixture of the same kind of corn as that 
contained in cars No. 2 and No. 5, the average moisture of the mix- 
ture being 17.8 per cent. The average moisture content of the corn 
m car No. 4 was 17.4 per cent, and the corn in car No. 5, which had 
been artificially dried, contained an average of 16.7 per cent of 
moisture. 3 

SHRINKAGE IN THE WEIGHT OF THE CORN. 


The amount of corn placed in each car and the shrinkage in weight 
while the corn was in the cars from Apri 14 to May 11, 1910, to- 
gether with the average temperature of the corn in each car at the 
time of leading and unloading, are shown in Table I. 


TABLE I].—Shrinkage, or loss in weight, and temperature changes on each of 
5 cars of corn used in the first experiment. 


Shrinkage, or loss 
in weight. 


Average tempera- 


Corn when loaded. ture of corn when— 


Car No. 
Moisture Net : Unload- 
content. | weight. Pounds. | Per cent.| Loaded. ea. 
Per cent.| Pounds. a i ie sie 
TLS eee se Bae Sg ER ase 8 page ee 19.8 67,130 2,450 3.65 58 1393 
Phe, 5 OBS OS co DOS RE A ee eee | 18.6 67, 120 320 - 48 52 84 
Bt a Co = Seay Se ig ae eee eee 17.8 65,920 290 44 54 823 
Cie ea See ET SI i Dee ea 17.4 | 67,460 180 27 A 58h 
Deke soos conobe stad oe eat ates te ee ele eee 16.7 66, 949 120 . 18 58 62 
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It will be seen by Table II that the loss in weight of the corn 
from the time the cars were loaded on April 14 until they were un- 
loaded May 11, 1910, varied according to the moisture content. The 
corn in car No. 1, which contained an average moisture content of 19.8 
per cent, showed a total shrinkage in weight of 2,450 pounds, or 3.65 
per cent. The natural shrinkage in the weight of the corn in car No. 
3, which contained an average moisture content of 17.8 per cent, 
showed a loss of 290 pounds, or 0.44 of 1 per cent. The corn in car 
No. 4, with 17.4 per cent of moisture, lost 0.27 of 1 per cent, while the 
‘corn in car No. 5, which was artificially dried corn and contained 16.7 
per cent of moisture, showed a shrinkage of 120 pounds, or 0.18 of 1 
per cent. 

The heavy loss occurring in car No. 1 was due to the fact that this 
corn showed a marked deterioration during the experiment. It was 
hot, sour, and discolored at the time of unloading, the average tem- 
perature of the corn being 139.5° F. These same factors, with the 
addition of the records of the mean daily air temperature through 
which the cars passed while en route from Baltimore to Chicago and 
return, and also the average temperature of the corn during the 
period covered by the experiment, are graphically presented in fig- 
ire 2, By examining the data shown in this diagram it will be seen 
that the natural shrinkage increased with the increase in the moisture 
content of the different lots of corn; likewise, there is a close corre- 
lation between the moisture content of the corn and the increase in 
temperature resulting from the deterioration of the high-moisture 
corn. 

The average temperature of the corn in the five cars immediately 
after loading varied from 52° to 58° F., or practically the same as the 
air temperature when the corn was loaded. The corn in car No. 1 
showed an increase in temperature of 15 degrees from April 15 to 
April 20, while the temperature of the corn in the other four cars 
during this time remained practically the same as when loaded. The 
increase in temperature in car No. 1 was undoubtedly caused by the 
fact that the corn in that car contained the highest percentage of 
moisture, 19.8 per cent. The relatively warm air temperature which 
prevailed at that time, together with the high moisture content of 
the corn, afforded favorable conditions for fermentation and the de- 
velopment of molds, resulting in a corresponding deterioration of 
the corn. On April 21 there was an increase of 6 degrees in the 
temperature of the corn in car No, 1 over the previous day. At this 
time the cars were passing through a much colder atmosphere, the 
mean daily air temperature decreasing from 52° on April 20 to 36° F. 
on April 21. During the same period the temperature of the corn in 


SHRINKAGE OF SHELLED CORN IN CARS IN TRANSIT. 5 


the other four cars did not show an increase; in fact, the tempera- 
ture of the corn in two of the cars decreased slightly. 

Figure 2 also shows that the mean daily air temperature from 
April 21 to April 27 was much lower than the average temperature 
of the corn in any of the cars, varying from 36 to 40 degrees. As a 
result of this low air temperature the temperature of the corn in all 
of the cars decreased slightly, except that in car No. 1, which 
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Fic. Seayiy cran showing the shrinkage in weight of the corn in each of five cars in 
transit from Baltimore to Chicago and return, the average temperature of the corn in 
each car, and the mean daily air temperature through which the cars passed from 
April 14 to May 11, 1910. 


showed an increase form 79° on April 21 to 1385.5° F. on April 27, 
the deterioration being so rapid as to overcome or conceal any in- 
fluence of the air temperature. The highest temperature of the corn 
in car No. 1 was 142° I*., which was reached on May 3. On May 7 the 
average temperature was 139° F. This temperature prevailed until 
May 11, at which time the corn was unloaded and found to be very 
badly damaged. 
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The corn in car No. 2 did not show any appreciable increase in 
temperature until May 4, at which time the temperature of the corn 
was 61° F., an increase of 7 degrees over the record of the previous 
day. This increase in temperature was probably influenced to some 
extent by the air temperature, the mean daily air temperature having 
increased from 52° on May 2 to 62° F. on May 3. The tempera- 
ture of the corn in this car at the end of the experiment on May 11 
was 84° F. In a few more days it would undoubtedly have been hot 
and sour. 3 

The corn in car No. 3 did not show any great variation in tempera- 
ture until May 6, at which time the average temperature of the 
corn was 60°, as compared with 54° F. at the begining of the 
experiment. At the termination of the experiment, when car No. 3 
was unloaded the average temperature of the corn in that car was 
82.5°, as compared with an average of 84° F. fer the corn in ear 
No. 2. The corn containing 17.4 per cent of meisture in car No, 4 
and the artificially dried corn in car No. 5, containing 16.7 per cent 
of moisture, did not show any marked increase in temperature 
throughout this experiment. 

It will be noticed that the temperature of the corn in the cars was 
influenced to a limited extent by the temperature of the atmosphere; 
that is, when there was a sudden drop in the temperature of the 
air, as on May 5, the corn also decreased slightly in temperature, 
except the cars of corn that had begun to deteriorate. The heat 
generated during the process of deterioration of the corn concealed 
any influence exerted by the temperature of the air. 


SECOND EXPERIMENT, DECEMBER 24, 1910, TO JANUARY 20, 1911. 
CORN LOADED INTO CARS. 


On December 24, 1910, four lots of corn, each lot consisting of 
approximately 2,400 bushels, were selected at the elevators of the 
Pennsylvania Railroad Co., at Baltimere, Md. The corn was 
selected according to moisture content, and each of the four lots 
was first thoroughly mixed in the elevator before loading into 
cars. Two cars were loaded from each lot, one being forwarded 
from Baltimore to Chicago and return, over the Pennsylvania lines 
via the Fort Wayne route, while the duplicate car of each lot was 
held on the track in the Canton yards at Baltimore. Eight cars 
consequently were included in the experiment, in order to study 
the effect of atmospheric conditions on the shrinkage in weight and 
rate of deterioration. The cars held on the track at Baltimore were 
weighed, and temperature records were taken on the same days that 
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weighings and temperature readings were made on the ears in transit. 
These eight cars were each equipped with six electrical resistance 
thermometers, the relative position of which is shown in figure 1. 

The average condition and quality of the four lots of corn at the 
beginning of the experiment, as represented by the results of the 
analyses of samples taken when the corn was being loaded into cars, 
are shown in Table III. 


TABLE III.—Factors showing the condition and quality of each lot of corn in 
the second experiment when loaded into cars on December 24, 1910. 


Moisture| Souna | “eight Cob, dirt, Badly 


ar designation and movement. sya per broken 
No. content. corn. Duchicl. | ete. Teaenelee 


Per cent. | Per cent. | Pounds. | Per cent. | Per cent. 
return. 2s Seg Shasta op a 1g ota Me ee DBO et NAO 22.0 94,3 50.9 0.2 2.5 
Car 1-B, held on track in Baltimore yards.. 

i 2-C, transit, Baltimore to Chicago and | 


to 1-C, transit, Baltimore to Chicago and 


19.0 96. 9 54, 1 ol 


oo 
On 


Car 2-B, held on track in Baltimore yards. . 

Car 3-C, transit, Baltimore to Chicago and 
| ROTC lea gS RE o ly eS 3.1 
Car 3-B, heid on track in Baltimere yards... 


fotett 4-C, transit, Baltimore to Chicago and 


13.3 97.9 56. 2 4 12.4 


tek 
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Car 4- B, held on track in Baltimore yards... 


Tt will be seen by reference to Table II] that the average moisture 
content of the corn in lot No. 1 was 22 per cent; lot No. 2, 19 per 
cent; lot No. 3, 17 per cent; and lot No. 4, 13.3 per cent—a range of 
8.f per cent. Special attention is also called to the lé6w weight per 
bushel of the corn from lot No. 1, containing 22 per cent of moisture, 
and the high percentage of the badly broken corn in lot No. 4. Much 
of this broken corn was of the consistency of coarse flour or meal. 


SHRINKAGE IN THE WEIGHT OF THE CORN. 


The quantity of corn placed in each car, the shrinkage in weight 
while in the cars from December 24, 1910, to January 20, 1911, to- 
gether with the average temperature of the corn in each car at the time 
of loading and unloading, are shown in Table TV. These same data 
are presented diagrammatically in figure3. In addition to the natural 
shrinkage in weight and the other data given in Table IV, figure 3 
also shows the mean daily temperature of the air through which the 
ears passed while en route from Baltimore to Chicago and return, 
tegether with the average temperature of the corn in each car, as 
compared with like observations made on the corresponding lots of 
corn held on the track in the railroad yards at Baltimore. 
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Taste 1V.—Weight of corn in each car immediately after loading on December 
24, 1910, and the shrinkage, or loss in weight, together with the moisture con- 
tent at time of loading and the average temperature of the corn at time of 
loading and unloading, 


| Shrinkage, or loss Average tempera- 


| 
| = | 
| ee | Net corn in weight. ture of corn when— 
oy | Car designation and movement. ofcorn | cach | | 
ea when = 
| loaded. | | Un- 
loaded. | Pounds. | Per cent. | Loaded. | loaded: 
(Car 1- C, eee Baltimore to Chi- |} Per cent. | eerie | se | Ie 
caveanG return = ee 67, 140 180 0.27 } 31.0 | 33.0 
1....- ‘\Car 1-B, held on ficken Baltimore 22.0 2 | 
bonds [ee eee SS ASHe se coal 67,140 - 230 . 34 | 31.0 38.2 
ar ransit, Baltimore to - MW ignah Ere 
2 | i cago and return...:...........--- 19.0 | 67, 050 140 -21 30.0 29.0 
ROS SC oe a Ja ] 
gat ee (67,070) 160, 24) 30.0} BLA 
\(Car 3-C, transit, Baltimore to Chi- ance 
cago and See pe ee es ie Sa 17 0 Ol, 080 50 = 09 31. 0 29. 0 
Peale eel L s5,000] 20] of) ano a 
Car 4C, transit, Baltimore to Chi- ee 
ee |} cago and return..............-.- 13.3 J SUE Bh aS ae — 
p glleE bees epee pacer. Pci toy| al nl eal ae 


As shown in Table IV and figure 3, the car containing corn of 22 
‘per cent moisture which was shipped from Baltimore to Chicago and 
return lost 0.27 of 1 per cent, while the car containing the same kind 
of corn but which was held on the track at Baltimore lost 0.34 of 1 
per cent. The corn from lot No. 2, containing 19 per cent of moisture, 
showed a loss in weight of 0.21 of 1 per cent for the car en route from 
Baltimore to Chicago and return, as compared with a loss of 0.24 of 
1 per cent for the duplicate car held on the track at Baltimore. The 
reverse is true, however, of the corn containing 17 per cent of moist- 
ure. In this lot the shrinkage was 0.09 of 1 per cent in the corn in 
transit and only 0.04 of 1 per cent in the car of corn that remained on 
the track at Baltimore. It should also be noted in this connection 
that this lot of corn was of exceptional quality, showing the highest 
percentage of sound corn at the beginning of the experiment. The 
corn with 13.3 per cent of moisture lost 0.13 of 1 per cent in transit 
and 0.16 of 1 per cent on the track at Baltimore. As in the first ex- 
periment, the losses in weight of the four lots of corn used varied 
according to the moisture content of the corn, with the exception of 
lot No. 4. The fact that this lot of corn, which had an average 
moisture content of 13.3 per cent, lost more in weight than the corn 
that contained 17 per cent of moisture was probably due to the excep- 
tionally good quality of the corn in lot No. 3, or possibly to the ad- 
mixture of a larger percentage of finely broken corn in lot No. 4, 
although no leakage, even of the finely broken corn, could be de- 
tected in any part of the cars. 

As shown in Table IV and figure 3, the temperature of the corn at 
the time of loading it into the cars which were shipped from Balti- 
more to Chicago and return ranged from 30° to 34°, with an average 
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of 31.5° F. for the corn in all of the cars. At the time of unloading 
the range in Lem Eun ire was from 29° to 33°, with an average of 
30° IB or an average decrease of 1.5 degrees. The average tempera- 
ture of the corn at the time of loading it into the cars which were 
held on the track in Baltimore ranged from 30° to 35°, with an av- 
erage of 31.5° F. for the corn in all the cars. At the time of unload- 
ing the temperature ranged from 31.7° to 38.2°, with an average of 
383.9° F. This is an average increase of 2.4 degrees, as compared with 
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Fic. 3.—Diagram showing the loss in the weight of the corn, the average temperature of 
the corn in each of four cars in transit from Baltimore to Chicago and return, and 
also the mean daily air temperature through which the cars passed, as compared with 
the same factors on the four duplicate cars cf corn held on the track at Baltimore in 
the second experiment. 

an average decrease of 1.5 degrees for the cars moved from Baltimore 

to Chicago and return. This variation in the temperature of the 

corn was due to the wide difference in air temperature between 

Baltimore and the western points, as shown in figure 3, page 9. 

The condition of the corn in the second experiment was practically 
the same at the end as at the beginning of the test. This is shown in 
fioure 3 by the fact that the average temperature of the corn in the 
ears did not increase to any great extent from the time they were 
loaded until they were unloaded. 
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THIRD EXPERIMENT, MARCH 2 TO MARCH 239, 181i. 4 
CORN LOADED INTO CARS. 


On March 2, 1911, four lots of corn were selected and two cars 
were loaded from sah of the four lots. This corn was selected and 
handied in the same manner as that in the second and fourth experi- 
ments, one car from each lot of corn being held on the track at Balti- 
more, while the duplicate car from each lot was forwarded to Chi- 
cago and returned to Baltimore via the Pennsylvania Railroad. The 
eight ears were equipped with electrical resistance thermometers as 
in the two preceding experiments. 

The average condition and quality of the corn in each lot at the be- 
ginning of the experiment, as represented by the results of the analy- 
ses of samples taken when the corn was being loaded after it had 
been thoroughly mixed in the eley rator, are shown in Table V. 


TABLE V.—F actors showing the condition and quality cf each lot of corn in the 
third experiment when loaded into cars on Marek 2, 1911. 


l [ [ 
| . | Weight |, : Badly 


Lot Pe . Moisture! Sound Cob, dirt 
WI Car designation and movement. pers il 1s broken 
No. content. | corn. bashels etc. epeiales 


Per cenit. | Per cent. | Pounds. | Per cent. | Per cent. 


Car 1-C, transit, Baltimore to Chicago and re- | 
eer EGR TN a ga cy ae se ae Pic iter retail } 21.6 94.8 51.9 0. 2 4.0 


Car 1- Be held on track in Baltimore yards. ..|j 


| Car ae ‘transit, ‘Baltimore to Chicago and re- } | | | 
2 ess GULTT SSS Ba sien he ene NE 19.9 95.1 53.3 | 2 3.6 
Car 2B, held on track in Baltimore yards....J . | 
| {Car 3-C, transit, Baltimore to Chicago and re- | | 
oar Sas GUT ee ee es es SE | 17.4 97.0 55.9 ~2 4.2 
Car 3-B, held on track in Baltimore yards....- | 
Car 4-C, transit, Baitimore to Chicage and re- | | 
Ae Sos LAE 1 ee Oe et oe tera tee ae 14.1 98.0 56.5 1) 17.2 


(Car 4-B, held on track in Baltimore yards....| 


From Table V it will be seen that the average eee content of 
the corn in lot No. 1 was 21.6 per cent; lot No. 2, 19.9 per cent; lot 
No. 3, 17.4 per cent; and lot No. 4, 14.1 per cent. The percentage 
of sound corn ranged from 94.8 per cent in lot No. 1 to 98 per cent 
in lot No. 4. 

SHRINKAGE IN THE WEIGHT OF THE CORN. 


The quantity of corn placed in each car, the shrinkage in weight 
while in the cars from March 2 to March 29, 1911, and the average 
temperature of the corn in each car at the time of loading and 
unloading are given in Table VI. These same factors, together with 
the daily mean temperature of the air through which the cars passed 
in transit from Baltimore to Chicago and return, and the daily 
average temperature of the corn in each of these cars, as compared 
with like records made in connection with the cars held on the track 
in the Pennsylvania Railroad yards, at Baitimore, are shown in 
figure 4. 
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TABLE VI.—Weight of corn in each car immediaiely after ioading on March 
2, 1911, and the shrinkage, or loss in weight, together with the moisture con- 
tent at time of loading and. the average temperature of the corn at time of 
loading and unloading. 


| 


Shrinkage or loss | Average tempera- 


eee Net corn in weight. ture of corn when— 
Lot | Gar designation and movement. | ofcorn Soh cial ee = 
when | ioaded list Ula 
loaded. * | Pounds. | Per cent.) Loaded. lpadeal 
Per cent.| Pounds. re tie) a lusee he 
Car 1-C, transit, Baltimore to Chi- | 
1 cagovand return. .......2...2.-.- 21.6 67, 170 390 0.58 | 40.8 112.9 
Sees Car 1-B, held on trackin Baltimore | 
WRU E GEARS ECACC Se eR Reet 67, 200 400 .o9 40.0 | 109.7 
(Car 2-C, transit, Baltimore to Chi- 
2 Caso madre tur x ae i nie sk es 19.9 66, 970 160 24 40.0 41.5 
aie Car 2-B, held on trackin Baltimore 
VATS Cae perc yL enon lesley lene ANE 66, 740 175 . 26 40.0 41.5 
Car 3-C, transit, Baltimore to Chi- : 
3 CagoOaMGsne burs est Ce so 17.4 56, 600 130 -23 40.0 40.7 
28S Car 3-B, held on trackin Baltimore | 
VWEITO Das on Gece ee ee i ; 56, 350 130 52} 40.9 40.5 
Car 4-C, transit, Baltimore to Chi- | 
4 CAgorandsre turnin yejo oss AS eae 14.1 66, 5380 100 «15 40.0 41.3 
oats Car 4-B, held on trackin Baltimore | 
NENRC ISSA SE Se aA ae a aa a ak io 66, 250 70 At 40.0 41.3 
} } | 


As shown in Table VI and figure 4, the shrinkage, or loss in weight, 
of the corn varied according to the moisture content. The corn 
containing 21.6 per cent of moisture lost 0.58 of 1 per cent when en 
route from Baltimore to Chicago and return, while the duplicate car 
of corn held on the track at Baltimore showed a shrinkage in weight 
of 0.59 of 1 per cent. The car of corn which contained 19.9 per cent 
of moisture lost 0.24 of 1 per cent in transit, while the duplicate lot 
in the car which was held on the track at Baltimore showed a loss of 
0.26 of 1 per cent. The corn from lot No. 3, containing 17.4 per cent 
of moisture, showed the same shrinkage in transit as the car of corn 
which remained on the track at Baltimore—0.28 of 1 per cent. The 
corn from lot No. 4, containing 14.1 per cent of moisture, showed 0.15 
of 1 per cent loss in weight while on the car in transit, as against 0.11 
of 1 per cent loss on the corn in the duplicate car at Baltimore. 

in this experiment the losses in weight were practically the same 
on the cars of corn in transit as on the cars held at Baltimore. By 
consulting the temperature records shown in figure 4 it will be seen 
that there was not such a marked difference in the air temperatures 
at Baltimore and at western points during the third experiment as 
‘occurred in the second experiment, which is illustrated in figure 3, 
page 9. The air temperature through which the cars passed en 
route from Baltimore to Chicago and return was lower on several 
days than the air temperature at Baltimore, but this difference oc- 
curred only for three or four days at most, and on several days the 
air temperature surrounding the cars in transit was higher than the 
air temperature at Baltimore. The difference between the air tem- 
perature at Baltimore and at western points during this experiment 
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was so slight that it did not affect the temperature of the corn ap- 
preciably, and consequently the losses in weight were practically the 
same on the corn in transit as on the corn at Baltimore. 

The corn in the two cars loaded from lot No. 1 of the third ex- 
periment showed a marked deterioration at the end of the test. This 
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Fic, 4.—Diagram showing the loss in the weight of the corn, the average temperature of 
the corn in each of four cars in transit from Baltimore to Chicago and return, and 
also the mean daily air temperature through which the cars passed, as compared 
with the same factors on the four duplicate cars of corn held on the track at Balti- 
more in the third experiment. 

deterioration was due almost entirely to the high moisture content of 

the corn, which became hot in the cars as a result of fermentation 

and the development of molds. On March 22 the average tempera- 

ture of the corn in each of the two cars was approximately 55° F. 

At the end of the experiment the average temperature of the corn in 

the car that remained on the track: at Baltimore had increased to 
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109.7°, while that of the corn in transit had increased to 112° F. The 
high temperature accompanying the deterioration accounts for the 
very large natural shrinkage occurring in these cars. 

The corn in the other six cars remained at practically the same 
temperature throughout the experiment, showing only a slight in- 
erease from the time of loading until the time of unloading. This 
sheht increase in temperature was probably due to the fact that the 
atmosphere was generally warmer during the latter part of the ex- 
periment rather than to any increase in temperature resulting from 
fermentation, as the corn was in good condition when unloaded. 


FOURTH EXPERIMENT, MAY il TO JUNE 1-3, 1911. 
CORN LOADED INTO CARS. 


On May 11, 1911, eight cars were loaded with corn, two cars each 
from four special lots which had been selected according to moisture 
content. Prior to loading into the cars, each lot was thoroughly 
mixed in the elevator. One car of corn from each lot was held on the 
track at Baltimore, while the duplicate car of each lot was forwarded 
to Chicago and returned to Baltimore via the Pennsylvania Railroad. 
The cars were equipped with electrical resistance thermometers, 
which were located in the grain in the same manner as in the three 
former experiments. 

The average condition and quality of the corn in each lot at the 
beginning ef the experiment, as represented by the results of the 
analyses of samples taken when the corn was being loaded, are shown 
in Table VII. 


Taste VII.—factors showing the condition and quality of cach lot of corn in 
the fourth experiment when loaded into cars on May 11, 1911. 


Bi ieee egy Weight |, 5, Badiy 
ee Car designation and movement. ee pone per c on dirt, broken 
ae rE icra? bushel: a kernels. 

Per cent. | Per cent.| Pounds. | Per cent. | Per cent. 
Car 1-6, transit, Baltimore to Chicago and re- ‘ 
Hoesee CUE. oes eee eee eee ee eee eee eee 18.2 89.9 54.0 0.2 3.0 
Car 1-B, held on track in Baltimore yards.... j 
| ‘i 2-C, transit, Baltimore to Chicago and re- 
PAS age AULT ese ive soso svt siete bevelled ok oie eens ee: Wek ee axs} 91.1 54.1 2 3.2 
Car 2-B, held on track in Baltimore yards.... 
{Car 3-C, transit, Baltimore to Chicago and re- 
SI Sop TED dad Heme (HUSA AO NAOH Se ASM aC Oren a aaa 16.9 95.7 50.5 3 4.4 
\car 3-B, held on track in Baltimore yards...) 
|{Car 4-C, transit, Baltimore to Chicago and re- 
dL (ROUTH es eS = Ca Secs ee a A ea | 13.9 96. 2 56. 2 oth 22 ral 
Car 4-B, held on track in Baltimore yards.... 


It will be seen by referring to Table VII that the average moisture 
content of the corn in lot No. 1 was 18.2 per cent. The corn in this 
lot was considerably lower in moisture than the corn in lot No. 1 
of the second and third experiments. This was made necessary be- 
cause it was almost impossible te obtain corn having a moisture con- 
tent of more than 18 or 19 per cent that was sound and sweet at that 
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season of the year. The average moisture content of the corn in lot 
No. 2 was 17.8 per cent. In lot No. 3 the average moisture content 
was 16.9 per cent, while in lot No. 4 the average moisture content 
was 13.9 per cent. The average proportion of sound corn in each lot 
ranged from 88.9 per cent in lot No. 1 to 96.2 per cent in lot No. 4. 
di will be noted that the average percentage of badly broken corn was 
very high in lot No. 4, being 22.1 per cent. 


SHRINKAGE IN THE WEIGHT OF THE CORN. 


The quantity of corn placed in each car, the shrinkage in weight 
while the corn was contained in the cars, from May 11 to June 1 and 
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Fic, 5.—Diagram showing the loss in the weight of the corn, the average temperature 
of the corn in each of four cars in transit from Baltimore to Chicago and return, and 
also the mean Gaily air temperature through which the cars passed, as compared with 

' the same factors on the four duplicate cars of corn held on the track at Baltimore in 
the fourth experiment. 

3, 1911, and the average temperature of the corn in each car at the 

time of loading and unloading are given in Table VIII. These same 

factors, together with the mean daily air temperatures to which the cars 
were exposed and the average temperature of the corn in the various 

cars throughout the experiment, are shown more in detail in figure 5. 


SHRINKAGE OF SHELLED CORN IN CARS IN TRANSIT. 15 


Taste VIII. Weight of corn in each car immediately after leading on May 11, 
1911, and the shrinkage, or loss in weight, together with the moisture content 
at time of loading and the average temperature of corn at time of loading 
and unloading. 


u Shrinkage, or loss | Average tempera- 
peas ©! Net corn in weight. ture of corn when— 
Ket Car designation and movement. of corn oe 
; when a 
loaded. londed:. Pounds. | Per cent.| Loaded. | torded 
—_——— - | —— 
; is ' eat her Per cent. | Pounds. Wetiy (icra tt an Eade 
Car 1-C, transi altimore to Chi- x ray | Bune 
i cago and return. Hith naBeN a ech Sea a | fats | 69, 850 850 1. 23 61.7 | PA 
Rest Car 1-B, held on track in Balti- | : barges | bi 
more yards PEEP Od eaters 69, 470 LAO 1.60 | 64. 2 129.0 
Car 2-C, transit, Baltimore to Chi- eee : 
2 cago and return iets EME AEC 8 Rule 17 8 69, 910 210 o 30 { os. ‘ 82. & 
ae Car 2-B, held on track in Baiti- fe 68. 750 370 teh 0 oe: 
more yards BBS ep Oe St aes Gy Coma a a 5.40 4 - 00 | OF | 1 eae | 
Car 3-C, transit, Baltimore to Chi- e ae Tel 
5 cago AOS gant Wena ere ia ee 56, 060 220 35 | 61.0 | 85.7 
eri Car 3-B, held on track in Balti- : 55. 700 390 x9 | 61.8 a 
TMOLOMAERS. oo oe oR eee ee aS , 4 nel ay Shey 
Car 4-C, transit, Baltimore to Chi- | re in ne | ane | oa) 
, cago nial return para ee Pee Bee ats 65, 890 46 . 06 | 61.3 (24) 
Wee Car 4-B, held on track in Balti- | i 63. 430 70 | 62.5 | 733 
TERORC MALO Garni rae dae Ee Cg | yes ness Fon eine 


From Table VIII and figure 5 it will be seen that the shrinkage in 
weight was much greater in the cars of corn that were held on the 
track at Baltimore than in those in transit. The mean daily air tem- 
perature through which the cars passed while en route, as shown in 
figure 5, was considerably less than the mean daily air temperature 
that surrounded the cars at Baltimore. This caused the temperature 
of the corn in the cars on the track at Baltimore to increase faster 
than that of the corn in transit, in that the higher air temperature 
not only warmed the corn, but aiso offered much more favorable con- 
ditions for the development of molds and bacteria and for the action 
of enzyms or other unorganized ferments; consequently, the natural 
shrinkage in the weight of the corn held at Baltimore was greater 
than that of the corn in transit. 

The shrinkage in weight of the car of corn in transit representing 
lot No. 1, containing 18.2 per cent of moisture, was 1.23 per cent, 
while the duplicate car that remained on the track at pee lost 
1.6 per cent. The heavy losses Ccounrang in these two cars were di- 
rectly due to the deterioration of the corn. As may be seen me figure 
5. on May 20 the average temperature of the corn from lot No. 1 
was (9.5° in the car hele on the track at Baltimore and 75.3° in the 
car in transit. From May 20 until June 1 the temperature of the 
corn increased rapidly, and on the latter date the car of corn held at 
Baltimore showed a temperature of 129°, while the corn that had 
been shipped from Baltimore to Chicago and return showed an aver- 
age temperature of 121.2°. The corn in these two cars was in a 
very badly damaged manner when unloaded, on June 1. 


16 BULLETIN 48, U. S. DEPARTMENT OF AGRICULTURE; 


In the second lot the loss m the weight of the corn shipped to Chi- 
cago and returned to Baltimore was 0.3 of 1 per cent. There was no 
appreciable increase in the temperature of this corn until May 25, 
at which time the average temperature of the corn in the car on 
the track at Baltimore was 71.3°. On June 1 the average tem- 
perature had increased to 95.7°. The corn that was in transit to 
Chicago showed an average of only 82.8° at the time of unloading, 
on June 1. This corn was only shghtly damaged. It had, however, 
reached a point where the deterioration and the accompanying 
shrinkage would have been very rapid within the next few days. 
The car of corn from lot No. 3, containing an average moisture 
content of 16.9 per cent, lost 0.39 of 1 per cent in transit, while the 
loss on the same kind of corn in the duplicate car held on the track 
at Baltimore was 0.59 of 1 per cent. This corn was not unloaded 
until June 3, two. days after the corn from the first and second lots 
was unloaded. At the time of unloading, the temperature of the 
corn in the car which was returned from Chicago was 85.7°, while 
the temperature of the corn in the car that remained on the track 
at Baltimore was 100.2°. As a result of the delay of two days in 
the’ time of unloading, the shrinkage in lot No. 3, containing 16.9 
per cent of moisture, was greater than the shrinkage in lot No. 2, 
which contained 17.8 per cent of moisture. If the corn from lot 
No. 3 had been unloaded on June 1, the loss in weight of the corn 
that was shipped to Chicago would have been 0.29 of 1 per cent and 
the duplicate car at Baltimore would have shown a loss of 0.44 of 1 
per cent. The loss in weight for those two days was 60 pounds in 
the car of corn returned from Chicago and 80 pounds for the car 
on the track. The average temperature of the two cars of corn from 
lot No. 3 on June 1 was also lower than the temperature of the two 
cars of corn from lot No. 2. In this connection it 1s important to 
note that the corn in lot No. 3 was fresh-shelled corn, while that in 
lot No. 2 was shelled in November or December, 1910. This factor 
had a considerable influence on the degree of deterioration and con- 
sequently had an effect on the amount of shrinkage. The car of 
corn from lot No. 4, containing 13.9 per cent of moisture, which 
‘vas shipped from Baltimore to Chicago and return, lost 0.06 of 1 
per cent. The duplicate car from the same lot held on the track at 
Baltimore lost 0.11 of 1 per cent. 


SHRINKAGE AS AFFECTED BY THE TEMPERATURE OF THE CORN. 


pall cases the temperature of the corn immediately after loading 
into the cars was practically the same as the air temperature at the 
time of loading. 
Table IX gives: the total losses in weight of the corn in all the 
cars in each experiment in transit, as compared with the corn from 
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the same lots on the track at Baltimore; also the average tempera- ~ 
ture of the corn when loaded and just prior to unloading, together 
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Fic. 6.—Diagram showing the average loss in weight and the average temperature of 
the four cars of corn in transit from Baltimore to Chicago and return in each of the 
four experiments, compared with the average loss in weight of the four cars of corn 
from the same lots that were held on the track at Baltimore and the average moisture 
content of each of the four lots at the beginning of the experiments. 


with the average moisture content. These same factors are also 
shown diagrammatically in figure 6. 
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TABLE IX,—Z'otal amount of corn contained in each experiment, the average 
moisture content of the corn at the beginning of the experiment, and the 
average temperature of the corn immediately after loading and just prior to 
unloading. 


ah Average tem- 
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In all of the experiments, with the exception of the first, four cars 
of corn differing in moisture content were shipped from Baltimore 
to Chicago and return and four duplicate cars of the same kind of 
corn were held on the track at Baltimore. 

Tt will be seen in Table IX and figure 6 that the average loss in 
weight of the four cars of corn in transit from Baltimore to Chi- 
cago and return in the second experiment, begun December 24, 1910, 
was 0.18 of 1 per cent. The four duplicate cars held at Baltimore 
showed an average shrinkage of 0.20 of 1 per cent. In figure 6 it 
will be noticed that the average temperature of the corn in the eight 
cars at the time of loading was 31.5° F. At the time of unleading 
there was a difference in temperature between the corn in transit and 
that on the track of 3.9 degrees, the temperature of the corn in 
transit having decreased 1.5 degrees, while that of the corn on the 
track had increased 2.4 degrees. This was caused by the lower air 
temperatures in transit than at Baltimore, as shown in figure 38, 
page 9. 

In the third experiment, begun March 2, 1911, the losses were the 
same on the corn in transit as on the corn at Baltimore, being 0.3 
of 1 per cent. In this experiment the average temperature of all the 
corn was 40° F., or 84 degrees higher than the corn used in the 
second experiment. The average increase in the temperature of the 
corn in transit from the time of loading until it was unloaded was 18.7 
degrees. The average increase in the temperature of the corn on the 
track was 18.3 degrees. By consulting figure 4 it will be seen that 
the air temperature surrounding the corn in transit was practically 
the same as the air temperature surrounding the corn at Baltimore. 
In both cases the tendency was toward a higher air temperature; 
consequently, the temperature of:the corn in transit increased uni- 
formly with the temperature of the corn at Baltimore. 
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In the fourth experiment the temperature of all the corn at the 
time of loading, May 11, 1911, was 21.2 degrees higher than the tem- 
perature of the corn in the third experiment, being 61.2° and ranging 
from 60.7° in the corn in transit to 61.6° F. in the corn on the track. 
From figure 5 it will be seen that during the fourth experiment the 
air temperature at western points was always lower than the. air 
temperature at Baltimore; thus, the corn in the four cars on the 
track showed an average temperature of 99.6° at the end of the 
experiment, as against an average of 90.6° F. for the corn in the four 
cars in transit. The average loss in weight of the corn in transit was 
0.50 of 1 per cent, and of the corn held on the track 0.73 of 1 per cent. 

In the first experiment, conducted from April 14 to May 11, 1910, 
no duplicate cars were held on the track at Baltimore. The average 
loss in weight of the corn in the five cars in this experiment was 1.01 
per cent. The average temperature of the corn at the time of loading 
was 55° ¥., or 6.2 degrees lower than the average temperature of the 
corn used in the fourth experiment, May 11, 1911. The fact that 
the corn in the first experiment showed a greater shrinkage than the 
corn in the experiment conducted from May 11 to June 1-8, 1911, 
when the average temperature of the corn and the average of the 
mean daily air temperatures were considerably higher, is explained 
by the fact that the corn in the first experiment showed an average 
moisture content of 18.1 per cent as against 16.7 per cent for the corn 
in the fourth experiment. The corn was also stored in the cars for 
five days longer; therefore, the difference in moisture and the differ- 
ence in the number of days that the corn was contained in the cars 
caused a larger percentage of shrinkage in the corn that was in 
transit from April 14 te May 11, 1910, than was found in the experi- 
ment conducted from May 11 to June 1-3, 1911. 

Figure 6 also shows that the average moisture content of the corn 
in the shipment made on December 24, 1910, was 17.9 per cent. The 
number of days the corn was contained in the cars was 27. The ship- 
ment made March 2, 1911, contained corn with an average moisture 
content of 18.8 per cent. This corn was also stored in the cars for 
97 days. The average moisture content of the corn in the shipment 
of April 14, 1910, was 18.1 per cent, the duration of this test being 
likewise 27 days. However, as corn with a higher moisture content 
deteriorates very rapidly during the spring months, when the weather 
is generally warm, corn with a moisture content of 16.7 per cent was 
selected for the shipment of May 11, 1911, and the time was reduced 
from 27 to 22 days. Even in this experiment, as shown in figure 5, 
the corn in two of the cars was hot and very badly damaged, while 
the corn in four of the remaining six cars had begun te heat before 
unloading. 
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COMPARISONS OF THE SAME LOT OF CORN USED IN THE SECOND, 
* THIRD, AND FOURTH EXPERIMENTS. 


The lot of corn containing 17 per cent of moisture used in the 
experiment begun on December 24, 1910, was also used in the experi- 
ments begun on March 2 and on May 11,1911. One car of this lot of 
corn remained on the track at Baltimore and one car of the same lot 
was shipped te Chicago and returned to Baltimore in each of the 
three experiments. 

In figure 7 a comparison is made of the loss in weight of the corn 
in this lot in each experiment. In the experiment begun on Decem- 
ber 24, 1910, when the temperature of the corn was below freezing. 
ranging from 30.5° at the time of loading to 30.6° F. at the time of 
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Be 7.—Diagram showing the average temperature and the average loss in weight of the 
ne lot of corn used in the three experiments begun on December 24, 1910, and March 


and May ii, 1911. 
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unloading, the tne: was 0.07 of 1 per cent. This same corn in 
the spent made March 2, 1911, showed a temperature at the time 
of loading of 40° and at the time of unloading of 40.6° F. In this 
case the shrinkage was 0.23 of 1 per cent. In the shipment made on 
May 11, 1911, the average temperature of the corn at the time of 
loading was 61.4°, while at the time of unloading the average tem- 
perature was 93° F. The average percentage of shrinkage was 0.49 
of 1 per cent. 


SUMMARY OF THE SECOND, THIRD, AND FOURTH EXPERIMENTS. 


A summary of the results of the second, third, and fourth experi- 
mental shipments, with special reference to the average moisture con- 
tent, the percentage of shrinkage, and the temperature of the corn 
at the time of unloading the 12 cars in transit from Baltimore to 
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Chicago and return, in comparison with similar data covering the 
duplicate lot of 12 cars that were held on the track at Baltimore, is 
shown in figure 8. From this figure is will also be seen that the 
average natural shrinkage in the 12 cars of corn in transit amounted 
to 0.33 of 1 per cent, while the average natural shrinkage in the 12 
duplicate cars of corn that were held on the track at Baltimore was 
0.41 of 1 per cent. The average temperature at the time of unload- 
ing the corn in the 12 cars that were shipped to Chicago and returned 
to Baltimore was 60°, as against 64° I. for the 12 duplicate cars held 
on the track at Baltimore. This difference of 4 degrees is accounted 
for by the fact that the temperature of the air through which the 
ears passed en route to Chicago and return was usually lower than 
the temperature of the air surrounding the cars at Baltimore. The 
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Fie, 8.—Diagram showing the average loss in weight of the corn, the average moisture 
content. of the corn at the time of loading, and the average temperature of the corn 

_ at the time of unloading in the 12 cars that were shipped to Chicago and returned to 
Baltimore in the three experiments begun on December 24, 1910, and March 2 and May 
11, 1911, as compared with the same factors on the 12 duplicate cars of corn held on 
the track at Baltimore. 3 


average of the mean daily air temperatures through which the cars 
passed en route to Chicago and return was 46.2°, and the average of 
the mean daily air temperatures surrounding the cars at Baltimore 
was 50.9° F., or 4.7 degrees higher at Baltimore than at western 


points. 
CONCLUSIONS. 


(1) There is unquestionably a natural shrinkage in commercial 
corn during transit and while in storage. 

(2) Natural shrinkage varies with the moisture content of the 
corn and the atmospheric conditions to which it is exposed. 

(3) Natural shrinkage in corn that has become sour and hot is 
very rapid and may amount to several per cent within a few days. 
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